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FPoulered andiczamst dispeastog device.

This invention relates to & dispensing device whieh
is suitadble for the dispensing and adninistrastion of a
oatared ancont of powdar. Such e devics would be suitahle
for the 44 ing and adnini icn of purs powdar form
muaxw.muvxm-m:nummm..g.
lactosa. .

Bstared dose inhalars are well Jnown and often
carprise s 4 1 a1 g container. The
mx-mwmmummw

g is p on en, the
cantants are sxpslled, throogh a notering valve, and a
cetared dose is propelled into tha lungs of the patient.

. Rasearch bas indicated that sone percsol propallants,
incloding thoss used in netered dcse inhalers can cause
Mlnlmo!moxmhycbham. It has
thus becoms nore irportant thst such inhalers can be
substituted vith netsred dose inhalers which do not have
» danaging effect an the Par l'n:h‘

are not e for sone i

Several types of powder inhalers are known. Gsually
L4 doss of oadi is initially contained in a
container, The cuntainsr is often in the feorn of a
gelatin capsuls. fThe capsnle is first cpened e.g. by
pierciog vith a pin, and then its contents are disperssd
and axpelled Dy ensoring that afrflov, dus to tha
inhalatien of tha patient, causes ths capsule to rotate.

Thess powdar dispensars have severs] disadvantages.
It is necessary for the pstient to relosd the dispanser
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after each dosa releasa, and in scas davices the capsules
must ba pierced before loading. = Corplicatad necbanisms
are employed to ensurs conplets expulsion of powder in
ordar to provids the correct dosa to the patieat. Tuis
mmmwmmucunmmummtnu
manufacture. .

2103293 and GB 2144997 disclose 8 .complicazed
inhaler in which a doss of is ai
frus a storags chasber containing powdersd medicarent in
a pellstised nicroniced fars. The inhaler includes a
dosing wnit which is to a for
the pedicament. 7The dosing unit coaprisss s perforated
rotating nenhrane, and spring loadsd scrapars to i1l the

rotating with i The filled

ons are toa vhich a
propallant container to a nozzle. An anount of propellant
is when the patient & tvo triggers in

successicn. Tha propeliant sxpels the cantants of the
axpoysd parfarsticns tovards the po3xle to be inhaled by
the patient. The site of ths doss is ined

nm.u.umm‘mum.ﬁammu'

into the propallant passags.
Such & device is expensive to mamfacturs, and tbe

dosage accurscy ralies on the effict of the
to £i11 the parfarstions. Ths perferations oftan ozed to

that are

«sure cosplets filling. For optizmn effect ths dsvice
also requires ths patient to co-ordinats inhalaticn vith
the cperstion of propallant releass. HKany patients find
this co-crdination difffcult to achieve.

N\

PP



L}

15

23

10

15

0

30

WO /10129

PCT/GENAINT
3

EP 0069715 Alsclosas a device which atterpts to
overcoss smee of the aforacentionad probleds. Thers is
disclossd s powder inhaler vhich {s octusted by the
4irflov gansrated by the inhslation of the patient. A
hraath davics eli tbe problen of the co-
crdination of gzanual actustion " and inhalstion. A
Fropellant is no longar necsssary to effact actuation.
nodwiu-mmulpnﬂaxatdmmmsm

loaded to provide s doss of nedicapsnt.
™s ti a ing unit by a cartatin
ancunt. Thds the witd

tommtlll%wmthmummmm-
cartain musber of them to an air pazsage. The air flow
gmerated on inhalation passes through the perforations
And the netared dose is inhaled by the patfent. &
rotating maazs is provided to disrupt the airflow so as to
break up any sggregats particles vhich hava besn farned in
the doaing mit.

This devics has the disadvantags that the airflow
genarated on inhalation pesses directly throogh the
pertorations which are than rsturned to the ary storage :
Chanber for refilling. 'Any powdsr vhich has becose lodped
in the nay beccas by the air,
and this is then mizsd vith the pure &ry powdsr bald in
the . 12 the becese pertinlly blocked
then a full dose of Dedicomant will not be inhaled by the
petient. ’

It is the cbject of this invention to provide a
betared doss powder ichaler, the p
osiicament iz stored in a powder ressrvoir housed in the
devics. It is a further object of ths invention to
provide such an inhaler vhich is simple in design yat

give battar petaring repestability as do different
patterns of air leakage paths. q;xgmn:u chanbers vith
their depth equal to the cylinder dianpstar are preferred.

It is preferred that the metaring chamber is filled
froa the by the instigation of relative motion
betveen the matering chamber and the powdsr bulk so that
the air pressurs on the powdsr bulk is incressed, forcing
the powder into ths ostaring chbanber whilst allowing air
to pass {n 2 small apount through the netaring chambar and
vent to atacsphere. Whilst in ths davica according to the
present inwntion it is preferred that tha powdar fromt
shondd pass across the to the 9 by

relative noticn of the powder and the nataring chainbder, it .

bas been found tbat the metaring chambar vill be filled
evan {f the powdar DUl 18 in contact with the entrance to
the chanbar and the air pressurs above the powdsr milk
incraased.

The ralstive notion aay be provided by dspression of
the cylintsr into o bore in the nain body of the devica,
wvhilst the bulk of the powdiar is kepr staticnary by s
motresion positicnsd insids the bore. The cylinder may
be depressed by the patient manually. Alternatively it
oay be by the L] of a levar capadle of
acting on ths cylinder to Xxsep it depressad. It is
Prefarred that the protrusion i{s provided with » seal,
sch that tha imner bare of the cylimiar and the
prottusion ssal are in eliding air tight contact.

The pressure aentered cn ths powdar bulk nay be
incraased by cospressing a wolude of 2ir coatained above
the powder. It vill be realisad that althoogh referencs
berein has besn cade to air, any gas say be includes
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the di np;:hncd vith prior art
dispensars. .

In ono aspect of ths 1 i there is pr a
powdsr inhalation device coxprising a powder resarvoir

le of ining a p 1 and & voluma
of air, a N frod the powder
ressrvoir to sllow raxoval of the powdered nedicanmt fros
ths reservoir in discrete apounts and a ssans for
coxpressing tha air in the reservoir whsrain a passage is
provided to ‘allow alr to vent frea the powdsr reservoir,
through the metering and into re as ths
motmakh'mmmmhm.

In a preferred arrungasent the resaxvoir aay be
boused in a thin walled cylinder-1ike structurs which
intarconnects with the mnain body of ths davice. Ths
cylindrical raservoir and ths main body nay intarconnsct
by way of a bors located in the nain body of the davics.
It is preferred thit ths walls of tha cylindar are in
close sliding contact with ths bore, vhilst allowing air
to pass frua tha raservoir, through the metering chanber
and iato the atmospbare.

In a furthar the 1 may be
boused in tha vall of the cylindrical resarvoir. Ths
chasbar may coxpriss & bolse in ths wvall of tha powdsr
ressrvoir. Ths hole is of a predetarmined size to allow
ths dssired dosags of povdsr to pass frun ths Tesarvoir
resdy to bs daliversd to the sain air conduit which
wrables ‘the powdsred oedicansnt to be inhaled by &
patient. uucnnbnrnyh-nn'hdvltnlthl tilter, or
nay be a depression in ths wall vith appropriata venting
or leakage path providsed. Cartain bhole shapes sesn to

PCT/GBYL/N?

WO /10
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wvithin the resarvoir vhich doss not resct vith the powdar,
e.g. nitrogen. A

Although not vishing to be bound by theary, It is
1likely that a local fluidising effect of the powder bulk
miy take plsce wnich aids oetaring, vith the air flov
through the chanber carrying powder into the’chamber.

It vill also be realisad that since tha oatering
effect sesms to be caused prinmarily by air flow froz the
high pressurs region within the air resarvoir (and
pessibly powdsr) to a lower pressure ‘regicn beyund the
ootering chasher, & sinilar sffect could be created by

ing a lov rogian ths resarveir and

, and’ providing a F a1 al
bstwsan the resarvoir and this low pressure regicn to
allow air flov. Thals {0 to be undarstood and iscluded
vithin ths inventicn as claioad.

In & praferred srrangesent, ths petaring chander,
ance filled, is clozad to separzts the setarsd dose frwa
the by the to Dove past the
protrusion locatsd in the bars. The Dstared do3e T3y be
grevented fros leaking isto the bars in the saln body by
apsuring the cylindar walls and said boxre are in close
aliding contact, but spacad sufficiently to allow aa air
paxsags. The size of the air passaga is linkad to the
powdsy particle size and should be sufticlantly aarrow
thst powder vithin the ssterisg chunber vill not escape.
Hagy powdsred Arugs borne on i have an g
particls dianeter sizs of between 20 and S0 m.
accordingly, the vidth of the air passagevay is preferably
£rao 10 to 100 gn, preferably 10 to 50 sn. The passagevay
can be schieved by crilising surface icperfectians.
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An axit port oay be provided in the bars which, when
8lignad vitd the metering chanbar, sllovs the chanber to
be exptied, Oncs the powder has basn Cetsred it st then
ba sjectad tmunu,nﬂng chenber. Clearly while more
is achieved witd & bhigher
packing density in the , o) o a
BoTe tightly packed powdar is pore difficult. The first
part of wais pr roquires i{solation of the
chanber frap the bulk powder ressrvoir. ihhnyb.
achieved by causing the reservoir volune to be poved avay
fxan the astaring chanber until & sliding seal moves over
(or over and past) the innar facs of tbe pstaring chanber.
In this exbodinent the sesl sbould be vide encugh to
Frevent @ leakage path occuring fronm the higher pressure
reservoir via the oetering chanber to a lower pressurs
area behind the sliding seal. .

Bjection pay taks the fora of increased air flow
throngh the metering chanbar carrying out ths natared
powdar, air flow past the chzmber, e.g. by s venturi-like

et . to suck out the
powdsr, or by bechanical ejection. Any air flov '
techniques could use ths petient inspired air, but it is
likely that dsnse packing and szall petaring chasbar sizes
uay pake this difficult particularly in teres of
resistance to alr flow. However, thars is good potantial
during sctuatics in the specifically described forn of the
device to procducs s small volume of air, at & pressure
considarably grester or lower than atumdspharic; ('high
anergy air’) vhich can be utilised for dose ejecticn, and
possidbly éispersion.

.AWMputmnththmt
inspired air does mot come into dirsct contact with the

lsast 10 litres per nimuta, praferably at least 1S litres
per oinuts. This may be achi by 1§ g a
regulator within the inhalator to pernit it to work only
4t a rininmal air flov of, e.g. 10 litres per nimts.

Tho present invention will be furthar dascribed by
way of le only, vith to and $1 in
the accorpanying dravisgs in vhich:-

tigure 1 is a ion viev ing to an
of the invention, in ths rest position;

ugmzh.see'ucnvln to an
of the § ion i the poaiti

riguzre ) ia a ssction viev of a further embodinent of
. the lmwventiom.

AS sesn in Pigures 1 amd 2 an inhalation davics
camsists of & oain body 2 and thin-walled cylinder-like
chanbar 4.

Tis caln body 2 e bare 6 ia) vith the
¢ylndar ¢ and s protrusion vhich forns 8 pisten structure
¢ ingide the bore 6. The pistan § is also coaxisal wieh
ths cylinder 4.

The piston bead 10 is p vith a tial
€221 17. The saal 13 ensures tat ths pisten 8 s in
slidable airtight contact with ths innar bore 14 of thas
cylindar 4.

A passagaviy ) is grovided by & salectiod of surface
2inish to allov controlled vanting to the atmosphare.
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r and 3 wvalls. This could halp

geevent any risk of ooisture contanination to the bulk

powder frus the inspired air cont ting ths ing

chanhar and could be arranged to help avoid any such
contaninstion risks sbould ths patisnt breath cut through
the cavice. T .

ical edecti 4 bay g y be

-
conbined with air flow techniques in ardar to rezowve
powder which resains attached to the end of ths ejector.

The cetaring chambar oay also be in the forn of a cup
an & rotabls axis. ‘Such & systan is descrided in, for
example, GB 2165159,

It is favoured that the air conduit allovs air o
antar an alr inlet in the szin body and flow to &
southpiecs, the ajr £low baing caused by the inhalatiocn of

tha patiant. A ~typs restriction and a > 4
oay de in ths oir canduit. Ths

y s ry oo the exit port to the
striction and a Yy air inlat to
ths restriction. The air flow through ths maln inlet and
’ y inlet te acse to the patient

for inhilation.  Altarnatively the air flov may be
to flow agh the !

The even distrilution of the powdar in the air flow
befors it is inhaled is p

8 svirl chasber in tha air conduit.

It has bean found that the most henaticial effect for
patients is cbtained wvhen inspiration is carried out at at

10

m'qum-rlutmen'm longitudinally in the
bore 6 but is prevested froa rotsticnal movement foot
shovn}. A spring 16 is coiled coaxially asround ths
c¢ylinder 4. The cylindar wvalls 18 ars in closs sliding
contact vith-ths bore ¢ ‘separatad by the air passagaway 3.
The spring 16 provides a means to biss the cylinder ¢ in
its rest position (abown"in Tigurs 1).

Tha main body 2 has a nouthpisce 20 ccanectad by »
passagaway 22 to 8 svirl chanber 24. Tbe swirl chandber 24
is in b to a 26 vhich i .
venturi-typs restriction 29 lasding vo an air inlst 30.

A sida entry 32 in ths narrov section -of the

restriction 28 lexds to a escondary passage 3. The
34 4s D d to the oain bare 6 by an

¥
exit poxt 8.
) Tha oain body 2 furtber includes a small bore 33.
The small bore connects vith the sacrndary passsgs 3¢ and
is vestad at a sscondary air inlet 40 close to tha air
inlet 30, .

The inner bore 1¢ of tha cylindsr ¢, the pistan head
mmmpsm-,uumuwmm-
&ry reservoir 42. Tbe resarvoir 43 cuntains & bulk ot
tinely powderwd medicanent 44. A volune af air 46 1s
traspped above the nsdicanent 44.

The cylixiar vall 18 is provided vith & metsring
mnmumum-m-mqumnnuxi. The
wvolrne Of the pataring chaaber ¢8 is éuch that the ancxmt
of msdicanent wvhich can be contained in that voluns is
eguivalent to ona dosa. . - .
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The oetering chaaber 48 is so pesitioned in the
cyllnduuuum:mtu_qmtuhiu

Actoatad posities {showh in Pigurs 2] the ostaring chanber
uuuupu-x:amm:m:slnmnuwy:.

Ths piston 8 §3 providsd with a ssall spring loaded
plunger 50. The plunger 50 is aligned with the centre
ling of the exit port 36. When ths cylinder 4 is in the
rest position (akown in Figurs 1) the plunger is
Testrained fron cperation by ths cylinder wvall 18. .

¥hen the cylinder 4 is in the sctuated position
ishown in Piqure 2} tha plunger is projectsd into =he
natering charcber 43, .

The main body 2 of the dispensing device amd the

cylindrical 4 are pr from
& plastic such a0 polypropylane, scetal or boulded
They may be fron petal

ar ancther suitable matarisl.

mmmmlunyhluﬂot;lmum
a8 PITEZ, synthstic rubber or natural rubbar. The seal 12
By be 2 cup or 1ip senl axtending around the pistan head
12.

In use the patjant bolds the device such that the
cylindez 4 is t The 4 than shakes
the devics, vhilst holding it vertically. 1The ahaking
aids the nixing of the powlared bedicanent and slso
mmnmtm-pwa-:hdmlmn:h-bonunntm
€ylinder 4 in contact vith the piston head 10.

wonsae PCI/GB/2UTT

13

T™ha plunger 50 is 20 longsr zestraiced by the
cylinder wvalls 15 and as it springs forvard the powder in
the pataring chanbar 43 is pushed into thes passags 3%
through the exit port 36. Tha plungar im restrainsd fronm
furthear novessnt Py euitable means (not shown).

The inhalation of the patient causas air to entar
through ths inlat 30. The air reaches the venturi-type
restriction 23 and the Aarrowing of the inlet csuses the
air velocity to incresss. The air pressure {n the
restriction 20° decTensses &8s a result of ths incresase of
valocity. mmgm-mnmnmet
air to entar thrcugh the cmall bore 33 wvhich in turn
causes the netared dose of podicanent to be dragged into
the nain oir strean fiowing through the restriction 28.

. Ths doss of medi is ied in the air
Strean through the passags 26 into the swirl chamber 2s.

The gschetry 0f the swirl chanber 24 cuuses the air
and thes powier to follow s circular peth. Ths turbulent

47 flov 1n the svirl chunder results in the dispersion of

ths powdsr in the air flow.

The particles are carried in the sir straan through
ths passags 22 to the patiext vis the oouthpiecs 20. Ths
T thns inhales air 1 a petarsd doss of

nadicanent.

Aftar use the patient raleases the cylindar ¢ and it
fetuzns to tha rest position gnder the inflcence of the
spring 65. Tha cylinder {s provided with a liniting end
S0P [not shown] to prevent tha cylindsr and main body
frea bectming detached. As the cylinmder ¢ risas e

10

10

‘wo n2neny
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The patient depresses the top of the cylindar 4. ™
spring 16 beccnes cosprassed and ths cylindsr ¢ ooves down
ths bore 6 inside the main body 2.

As the cylinder ¢ poves down the cataring chanber 48
passes through the bulk of the psdicsmant 44. AL the sana
tisa, ths air {n ths space 46 is coxpresiéd the volude
anclcosed by ths cylinder valls 18 the piston bead 10 and
thn pistan ssal 12 decrsases. A mall ancunt of air flovs
through the powdsr bulk 44, the
48, throvgh the passagewsy 3 and into the atwcsphare.

mmw@mozmme:mwm

4 ugh the bulk 44 the 4 in
an tbe sedicament and tha air flow results in tha

nnm'ormmmnvm-mm.ex
nodicenent. :

The width of tha passegesay 3 is such that no
padicament lsaks out of the chanber 48.
b-ndmdm:hnqlﬂnlmkw.
the eod of its trovel. The patient than inhales vhilst

keeping the cylindar 4 dspressed.

In the ectusted positicn (ahown in Figure 2) all the

powdared padicazent 44 except that in the cetaring chanber
48 is sealed {n the volune dafinsd by the cylindsr wvalls
18, the piston haad 10 and the piston seal 12.

mmqum‘nmnywm—mm
chapbér 48 i{s aligned with the axit port 3§ in the main
body 2 and the spring loadsd plunger 50. . :

FCTACS/R111T
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plungar 50 is csused to retract by tha novensnt of the
qum_mxummwuugnpotmpxmnn.
Ths enclosad space 46 returns to its original woluns and
the' trapped air is no lenger compressed.

he Awvice is resdy for further use.

The inhalaticn dsvics ay be manufactured.as & senled
mz.mnawmmw«mm
bedicsnant 44 falls belov tho level of the petering

chanber 48.

Alternatively tan ressyvoir may be mum_mwm
nmbmwazquMlmhmuy
ssaled Dy a plug. .

. In a further enbodirent of ths Csvice, a3 sean in
w:,nmmewulmln
which vill ba within ths main body of ths device [not
shown). A wvolune of powdsr $2 is ipciuded within the

chanber lo.mmml‘:hlmumu.

connectad to a beans B3 of incTeasing the pressure of ths
air vithin the space 84.

A5 orifics 83 leads fron the chanber 80 int 8
petering chanber 86. his metaring chanbar 8§ is foroes
h-phnl’nmumbhnhdnumm
encicsing the chacher 80, in particular ths orifics 83.
Prowote froo the noztle i an air qap 90.

Mwhwﬂmmmu,w
flows through the crifics 03 into the oetexing chander 86.
At the sape tioe, sir flovs froa the spaca 8¢ tiroogh the
powder 82, taroogh ths orifice $) and cetaring chander 86
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And out through the air gap $0 wbich is of such & size to
prevant powdar laakage. Tha oatering chanbar 86 (g
capletely filled with powder.

The plate 87 is then glid sidevays and the chacbar 80
containing the petared doss of povder presented to the
dispersicn systens. In czdar to rafill the chamber, an
airtight cemoveabls 118 81 is provided.

Suitable drugs which nay be used includs salbatanol,
bec) ai i and  sodiun
cramoglycate. .

17

dsvice, said bore Ddaving a protrusion positioned
tharevithin, the powder being hsld vithin the reservoir by
the protrusian.

7. An fnhalation dsvice &8 clained in Claim S or Clain
6 vherein the astaring chamber, once filled vith powder,
is closed to separata tha patared dose Cron the resarvoir
by cansing tha chaaber €O move past the protrusion located
in the bore.

8. A0 inhalation device a3 clained in any one of tha
Precading claics vharein sejection of powder contained
vithin the nsterd is by air flow past
the chunder. .

9. Ao inbalation Qevice &8 claimed in any ans of Clains
1 to 7 wharein sjecticn of powdear coztained within the
mataring ie by ical sjection.

.10, As izdalation device as clained in Clain & wdarein
the powlar is ojected by positive or negative pressure
Caused by air flow. :

13, An inhalation Gevice as clained in Clain 10 wherein
esqative pressure is caused by sir flov through & venturi-
1ixs restrictiem.

WO 2N . PCT/CBYLAINT

16 . .

SADD .
1. A powdsr inhalation devica coaprising a powder
resarvolr capable of mu&wnm-ﬂlmtm
a volune of air, » 1 ng from the
powder reservoir to allov rwmoval of the powdersd
cedicrnent fron the resarvoir in discrets amcunts and &
Esans for cotpressing the air in the reservoir whereis a
passags 1s provided to sllov air to vent from the powder
resarvolr, ugh  the i and finto

as the of the air in tha powder

resarvoir is increased.

1. An inbalstion device ad claimed In Clain 1 wvharsin
the prassure of ths air is increased by compressing the
voluzs of air in the ressrvoir.

‘s Qmuumumu, 'in Clain 3 o Clain
lmﬂ'mmkhwhlw.led

1ly eyl ical spd ‘ths
chapber is in tho form of s hols dafined in the wall of
the powdsr rasarvoir. .

4. An {shalation device as clainsd in Clain 3 wvherain
ths Bole is in the form of a cylindrical chanber having a
depth substantially equal to the dismster of the cylinder.

s. Ap inrhaliticn dsvics as claimsd in any che of the
claims in as the is £111ad

fron the reservolr the bulk of the powisr passes &cTO3a

tha 1 _mm . N

6. An inhalation device as claimed in Clain 5 wherein
the reservoir is in sliding contact vithin & bore in the

WO 2710029 PC/CEN AN
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